Objective: Myocardial apoptosis is primarily triggered during reperfusion (R) through various mechanisms that may involve endonuclease to cleavage genomic DNA in the internucleosomal linker regions. However, the relative contribution of myocardial apoptosis to development of myocardial injury during R remains unknown. In the present study, we examined whether inhibition of apoptosis with aurintricarboxylic acid (ATA), an endonuclease inhibitor, during R reduces infarct size and improves regional contractile function. Methods and Results: In two groups of chronically-instrumented dogs, 1 h of left anterior descending (LAD) coronary occlusion was followed by 24 h of R with infusion of saline (control, n58) or ATA (1 mg / kg / h, n58) into the left atrium starting 5 min before R and continuing for 2 h. ATA significantly reduced apoptotic cells (TUNEL staining) in the peri-necrotic myocardium (1261%* vs. 3664%), consistent with the absence of DNA laddering. To confirm inhibition of apoptosis with ATA, densitometrically, Bcl-2 (% of normal myocardium) was significantly increased vs. control (102612* vs. 6869) and Bax as well as the activated caspase-3 were significantly reduced vs. control (108617* vs. 194642 and 22964* vs. 174643, respectively). ATA significantly improved segmental shortening (3.361.2* vs. 21.860.7%) and segmental work (79.3611.3* vs. 7.165.8 mmHg / mm) in area at risk myocardium, and reduced infarct size (TTC staining, 2760.2* vs. 3760.5%), confirmed by lower plasma creatine kinase activity. In addition, myocardial blood flow (0.960.1* vs. 0.460.1 ml / min / g) and endothelial-dependent maximal vascular relaxation (11966* vs. 4968%) were significantly improved. Myeloperoxidase activity in area at risk myocardium, a marker for neutrophil accumulation, was also significantly reduced (1764* vs. 138628 DAbs / min). Conclusions: These data suggest that the inhibition of apoptosis during R is associated with a reduction in infarction, improvement in regional contractile and vascular endothelial functions as well as augmentation in myocardial blood flow. *P,0.05 vs. control group.
. Introduction
ated during R [3] [4] [5] . A clinical study also found that the appearance of myocardial apoptosis was significantly Necrosis and apoptosis are two major distinct types of accelerated in reperfused myocardium [6] . Inhibition or cell death in myocardium that have been linked with interruption of the execution phase of apoptosis with reperfusion (R)-induced myocardial injury after reversible caspase inhibitors has shown a reduction in infarct size coronary occlusion [1, 2] . It has been demonstrated that in following reversible coronary occlusion [7, 8] . However, rabbit, rat and dog models of regional ischemia and R, the relative contribution of apoptosis to infarct extension myocardial apoptosis was primarily triggered or accelerand regional contractile dysfunction during a longer period of R remains unknown. Recently we demonstrated that consistent with extension of infarct size and attenuation of regional contractile function after coronary occlusion [9] , sure regional myocardial blood flow. A plastic snare was myocardial apoptosis in the peri-necrotic myocardium placed below the first diagonal branch of LAD to reversibprogressively developed from early to late phase of R, ly produce a zone of regional ischemia in the left ventricle. suggesting that apoptosis may participate in exacerbation After 2 h of R, the thoracotomy incision was closed in of myocardial injury [10] . It is conceivable, therefore, that layers and a regimen of broad spectrum antibiotics and apoptotic cells detected from the peri-necrotic myocardium analgesia was initiated throughout the R period. may undergo secondary necrosis, and that the extension of infarction may in part be elicited from the delayed 2 .2. General experimental protocol apoptosis during R. If the end stage of R injury is modulated by apoptosis, is there any 'window of opporDogs were randomly divided into two groups. Either tunity' that intervention can stop this suicide program? saline (control, n58) or aurintricarboxylic acid (ATA from Does the inhibition of apoptosis during R lessen extension Sigma, 1 mg / kg / h, n58) was infused through the left of infarction and improve regional contractile function atrium at a rate of 1 ml / min beginning 5 min before R and after myocardial ischemia? Since apoptosis represents a ending 2 h after R. All dogs underwent 1 h of LAD potentially preventable form of cell death due to its active coronary occlusion and 24 h of R. In both groups, and regulated natures, it is likely that inhibition of apophemodynamic and regional contractile function were meatosis may help to reduce myocardial injury during R.
sured at baseline, ischemia, 2 h and 24 h of R. At the end Aurintricarboxylic acid (ATA), an endonuclease inhibof the experiment, segments of the LAD and left circumitor known to inhibit apoptosis from in vivo and in vitro flex (LCX) coronary arteries were isolated and used to studies [11] [12] [13] [14] , has shown a profound effect on infarct evaluate agonist-stimulated vascular endothelial response. size in gerbils when this compound was intraventricularly
Tissue samples from the non-ischemic and ischemic zones administered before transient brain ischemia [12] . The were used to quantify myocardial apoptosis, infarct size, purpose of this study, therefore, was to use ATA as a tool myocardial blood flow and neutrophil accumulation (see by its potent anti-apoptotic character to test whether below). An additional six dogs were used as sham control exogenous ATA limits the extension of infarct size and to observe the effect of ATA on the heart after surgery. In improves regional contractile and endothelial function in a these animals, ATA was administered at a dose of 1 dog model following extended R. mg / kg / h for 2 h and the chest was closed for 24 h after completing surgical procedures without coronary occlusion. were then obtained using a Hacker-Bright cryostat and Dogs of either sex were used in the study. All animals thaw-mounted onto Vectabond (Vector Laboratories, Burlwere initially anesthetized with intramuscular morphine ingame, CA, USA) coated slides or Fisher-Plus (Fisher sulfate (4 mg / kg). A bolus injection of pentothal (20 Scientific) slides, refrozen, and stored at 270 8C with mg / kg) was given followed by continuous inhalation of desiccant until use. isoflurane (0.5-2% in oxygen) after endotracheal intubation. A left lateral thoracotomy was performed, and 2 .4. The detection of myocardial apoptosis by terminal micromanometer pressure transducers were inserted into deoxynucleotidyl transferase (TdT)-mediated dUTP-X the left internal mammalian artery and ventricle to monitor nick end labeling (TUNEL) aortic and ventricular pressure. A pair of ultrasonic crystals was implanted in the anterior-midmyocardium to measure
. Methods
The TUNEL signal in the tissue sections were deregional contractile function. A cuff-type flow probe termined using an in situ cell death detection kit (Boeh-(Pulsed Doppler Flowmeter, Triton Technology, San ringer Mannheim, Ridgefield, CT, USA) as described Diego, CA, USA) was placed below the first diagonal previously [4] . Briefly, DNA fragments were detected by branch of LAD and the ligating snare for measurement of an anti-fluorescein antibody conjugated with alkaline phoscoronary artery flow [15] . A catheter was inserted into the phatase, a reporter enzyme that catalytically generates a left atrium for injection of colored microspheres to meared-colored product from Vector Red substrate. The slides were counterstained with hematoxylin, dehydrated in area at risk tissue. The gravimetric method was used to graded alcohols and covered with Accumount medium. For quantify infarct size [3] . each slide, color video images of 10 separate fields were captured randomly and digitized by using a 320 objective 2 .8. Plasma creatine kinase (CK) activity on an Olympus IX50 microscope connected to an IBM computer. The apoptotic cells were calculated as perArterial blood samples were withdrawn at baseline, at centage of TUNEL-positive cells from total cell nuclei [3] .
the end of ischemia, 2 and 24 h of R to measure CK activity. The plasma was drawn off after centrifugation and CK activity was analyzed spectrophotometrically accord-2 .5. The presence of DNA ladder in agarose gel ing to the method of Rosalki (Sigma Diagnostics). Plasma electrophoresis CK activity was expressed as IU / mg protein [3] .
Appearance of a DNA ladder was detected using agarose gel electrophoresis as described previously [3] .
2 .9. Determination of regional myocardial blood flow Briefly, frozen tissue samples from non-ischemic and ischemic zones were minced in lysis buffer and were Colored microspheres were used to quantify myocardial quickly homogenized with a microfuge tube pestle. , and subsequently dilated in concentration-reDetermination of Bcl-2, Bax and caspase-3 proteins by sponse fashion with the endothelium-dependent vasodilatWestern blot assay was primarily described previously [3] .
or, acetylcholine, and the endothelium-independent vasodiBriefly, tissue samples from non-ischemic and ischemic lator, sodium nitroprusside (SNP) in incremental conzones were homogenized with lysis buffer and protein centrations. Responses to vasodilators were analyzed using concentration was measured by the DC Protein Assay (Bio a videographics program developed in our laboratory [9]. Rad). Proteins (80 mg) for each lane were mixed with loading buffer, and loaded onto gradient SDS-polyacrylamide gel. Proteins kept in the nitrocellulose filter 2 .9.2. Measurement of myeloperoxidase activity (MPO) after transfer were blocked with milk and the membranes in cardiac tissue were then exposed to antibodies (Santa Cruz, CA, USA)
Tissue samples from non-ischemic and ischemic zones including rabbit polyclonal anti-human Bcl-2 (DC21), were homogenized. After centrifugation, the supernatants rabbit polyclonal anti-human Bax (P19) and rabbit antiwere decanted and mixed with O-dianisodine dihydrochhuman caspase-3 (H277), respectively. Bound antibody loride and H O in phosphate buffer. The change in 2 2 was detected by horseradish peroxidase conjugated antiabsorbance was measured spectrophotometrically at 460 rabbit IgG. Finally, ECL detection reagents were employed nm. MPO activity was expressed as Dabsorbance units / to visualize peroxidase reaction product. The density at min [9] . specific molecular weights was measured by NIH image analysis software on a Power Macintosh.
2 .9.3. Statistical analysis Concentration response curves of vascular relaxation 2 .7. Determination of area at risk and infarct size were calculated as a percentage of U46619-induced increase in isometric force. Student's t-test was used to At the end of the experiment, Unisperse blue dye was analyze differences between such parameters as vascular injected into the aortic root to stain the normally perfused responses, MPO, myocardial blood flow and infarct size region blue and outline the area at risk. The area at risk data. Hemodynamic, regional contractile function and was then separated from the non-ischemic zone and other time-dependent determinations were analyzed by incubated in a solution of 1% triphenyltetrazolium chloride repeated analysis of variance. A P value less than 0.05 was (TTC) to differentiate necrotic (pale) from non-necrotic accepted as statistically significant.
. Results

.1. Time course of hemodynamic changes
Hemodynamic data for heart rate (HR), mean aortic pressure (MAP), left ventricular systolic pressure (LVSP), dP/dt , left ventricular end-diastolic pressure (LVEDP), max and LAD coronary artery blood flow (CBF) in all groups are shown in Table 1 . There were no differences between groups for any of the hemodynamic parameters at baseline. Coronary occlusion caused a significant increase in HR. At 24 h of R, HR tended to be less in the ATA group, but it did not reach a significant difference compared with the control group. MAP in the control group at 24 h of R was significantly reduced, however, it remained consistent throughout the procedure in the ATA group. There were no group differences in LVSP, LVEDP, positive and negative dp /dt during the course of experiment. ATA treatment significantly increased LAD blood flow compared with the control group during 2 h of R. Surgical operation without coronary occlusion did not induce hemodynamic change in the sham group. shown in Table 1 and Fig. 1 . There was no difference on h of R.
.2. Regional contractile function
any measured parameters at baseline. During ischemia, paradoxical systolic expansion was exhibited in both groups with a rightward shift in the pressure-length the entire period of R in the control group. However, relationship. There was a significant decline in SS and SW.
significant recovery in SS and SW was detected in the At 2 h of R, SS and SW in the ATA group tended to be ATA group at 24 h of R, suggesting an improvement in greater than that in the control group, but it did not reach regional contractile function. No change in regional consignificance. Wall motion remained dyskinetic throughout tractile function was found in the sham group. HR, heart rate (beats / min); MAP, mean aortic pressure (mmHg); LVSP, left ventricular peak systolic pressure (mmHg); LVEDP, left ventricular end diastolic pressure (mmHg); positive dp /dt (mmHg / s); negative dp /dt (mmHg / s); CBF, mean LAD flow (ml / min); SS, systolic shortening (%); SW, segmental work (mmHg / mm); R2h and R6h, 2 and 6 h of reperfusion, respectively. Sham (n56): the chest was closed for 24 h after surgical procedures † with coronary occlusion. All values are expressed as mean6S.E.M. *P,0.05 vs. baseline value; P,0.05 vs. control group. 4064, respectively, in the control group, suggesting an extension of infarct size during R. However, CK activity was significantly attenuated in the ATA group at these time points with 1061 and 1962, P,0.01, respectively. There was no difference in plasma CK activity after the chest was closed (1.263) for 24 h compared with baseline value (0.862) in the sham group.
.5. Detection of TUNEL-positive cells in the perinecrotic myocardium
No TUNEL-positive cells were found in the non-is- Fig. 2 . The area at risk relative to the left ventricle (Ar / LV) and infarct size relative to the area at risk (An /Ar) after 1 h ischemia followed by 24 chemic zone in either group. As shown in Fig. 3 , however, DNA nucleosomal fragmentation of myocyte in nonischemic and peri-necrotic zones in both groups is shown 3 .4. Creatine kinase activity during the course of the in Fig. 4 . No visible DNA 'ladders' were found in the experiment non-ischemic zone in either group. In contrast, genomic DNA isolated from the ischemic zone in the control group There was no group difference in plasma CK activity at produced a typical 'ladder' pattern from all eight animals baseline. Coronary occlusion only slightly increased CK after ischemia and R, consistent with induction of TUNELvalues with no group differences. CK activity was sigpositive cells in this area. Treatment with ATA signifinificantly increased from 2 to 24 h of R relative to cantly decreased the appearance of DNA 'ladders' in the ischemia, reaching values (IU / g protein) of 1963 and peri-necrotic zone. One out of eight animals from this group showed mild DNA laddering. No apparent DNA expression and increased Bax expression compared with 'ladders' were found in the sham group.
non-ischemic tissue, respectively (Fig. 5) . Treatment with ATA was associated with greater Bcl-2 and attenuated Bax 3 .7. Expression in Bcl-2, Bax and caspase proteins after expression relative to the control group. Western blot ischemia and R analysis using polyclonal caspase-3 antibody recognized both pro-and active caspase-3. As shown in Fig. 6 , Expression of Bcl-2 and Bax proteins in non-ischemic procaspase-3 was present in normal tissue in both groups. and peri-necrotic zones was visualized by Western blot Consistent with increased number of TUNEL-positive cells analysis as shown in Fig. 5 . Bcl-2 was clearly expressed in after ischemia and R, active caspase-3 was only present in the non-ischemic zone. Densitometrically (% normal tisapoptotic lysates collected from peri-necrotic myocardium sue), coronary occlusion and R significantly reduced Bcl-2 in the control group. ATA treatment at R significantly inhibited expression of both pro-and active caspase-3. Opening chest without coronary occlusion did not cause 3 .8. Regional myocardial blood flow at area at risk myocardium 3 .9. Coronary artery relaxation after ischemia and R Distribution of myocardial blood flow to the non-ischemic and ischemic epi-and endo-myocardium is shown Ischemia and R significantly blunted the endotheliumin Fig. 7 . Blood flow in the non-ischemic myocardium dependent and muscarinic receptor-mediated vasorelaxaremained unchanged during the course of the experiment. tion to acetylcholine (Ach) in the LAD, with a rightward Coronary occlusion significantly reduced blood flow in shift of the concentration-response curve and a decrease in ischemic epi-and endo-myocardium in the two groups maximum relaxation compared with that in the LCX ( . ATA treatment at R showed significantly greater in in regional blood flow in ischemic myocardium in two maximum vasodilator response in the LAD than that in the groups during ischemia suggested that the effect of ATA control group. Surgical operation without ischemia did not on infarct size is not related to group difference in alter vasodilator response of the LAD to Ach in the sham collateral blood flow. Release of the coronary snare group (Fig. 8) . Ischemia and R did not modify the resulted in a significant increase in blood flow in the maximal responses of the LAD or the LCX to the ischemic epi-and endo-myocardium in both groups at 15 endothelium-independent smooth muscle vasodilator, nimin of R relative to values at ischemia. ATA administratroprusside (data not shown). tion at R did not change blood flow in ischemic epi-and endo-myocardium at 15 min of R relative to the control 3 .9.1. MPO activity in ischemic /reperfused myocardium group. However, at 24 h of R, blood flow in these zones Very low level of tissue MPO activity, a marker of was significantly greater in ATA-treated hearts. There was neutrophil accumulation, was detected in the non-ischemic no difference in blood flow during the course of the tissue in both groups. However, ischemia and R sigexperiment in the sham group, which was comparable to nificantly increased MPO activity (DAbs / min / g) in the that in non-ischemic tissue in the control and ATA groups area at risk myocardium in the control group (138628 vs. (Fig. 7A) .
360.4 in non-ischemic zone, P,0.01). This increase in protein synthesis and transcription, and formation of the ribosomal complex as well as the association of any nucleic acid binding protein with nucleic acid [14, 17] . Recent evidence suggests that ATA might be membrane impermeant due to its polyanionic nature, and that the sites of its action are at the cell surface through interacting with receptors rather than on endonuclease in the nucleus [18] . In cultured cell preparations, ATA dose-dependently reduced the number of apoptotic cells initiated by diverse signal pathways including growth factor withdrawal and stimulation with fas ligand, TNFa and caspase [14, 18] . Through inhibiting induction of apoptosis, in vivo studies have shown that ATA administered before the ischemic insult reduced infarct size in brain following transient bilateral carotid artery occlusion in gerbils [12] , and also protected retinal cells from delayed apoptosis when this shown previously [13] as well as in the present study. The treatment with ATA at R significantly up-regulated Bcl-2 and down-regulated Bax, and inhibited activation of down-MPO activity was significantly reduced by ATA treatment stream caspase-3. These alterations corresponded to a at R (1864, P,0.01 vs. control group). MPO activity in reduction in the number of apoptotic cells in the perithe myocardium in the sham group (460.5) was comparnecrotic myocardium, supporting that cardiomyocytes after able to that in non-ischemic tissue in the control (360. 4) ischemia and R die, at least in part, by an apoptotic and ATA (460.1) groups at the end of the experiment.
pathway. The selected ATA dose used in the present study was based on a previous in vivo study that showed ATA at 1 mg / kg / h significantly inhibited platelet activation and 4 . Discussion adhesion to damaged vascular endothelium [19] .
Consistent with the changes in anti-and pro-apoptotic proteins, Bcl-2 and Bax, pro-caspase-3 and DNA frag-4 .2. The role of myocardial apoptosis in extension of mentation, myocardial apoptosis detected with TUNEL infarct size during reperfusion staining in the peri-necrotic myocardium was significantly increased at 24 h of R. ATA given during R reduced the R-induced or accelerated myocardial apoptosis has been number of TUNEL-positive cells, up-and down-regulated well confirmed in different animal species and human Bcl-2 and Bax expression as well as attenuated caspase-3 [3, 4, 20, 21] . A cross-over of apoptosis to necrosis during activity. With inhibition of TUNEL-positive cells in the reperfusion has been proposed to be in part responsible for ATA group, infarct size was reduced and regional contracextension of infarction over time after the onset of R tile and endothelial function were improved, suggesting a [10, 22, 23] . Consistent with studies that showed a delayed role of apoptosis in contribution of myocardial injury after apoptosis in late phase of R in liver and brain after ischemia and R. transient ischemia [12, 24] , we have previously reported that after a fixed ischemic event, the number of apoptotic 4 .1. Inhibition of myocardial apoptosis by ATA cells in the peri-necrotic myocardium progressively inadministration creased during the extended R, suggesting a potential role of apoptosis in development of infarction [10] . Lack in ATA, a well-known endonuclease inhibitor with multidetection of TUNEL-positive cells from TTC-stained ple mechanisms of action in different targets, has been now myocardium as described previously [7] may help to used as a pharmacological tool to detect if cell death, in the explain that a cross-over of apoptosis to necrosis during R organs studied, was due to apoptosis [11, 12, 14, 16] . The is partially responsible for extension of infarction over application of ATA in various biological studies has shown time after the onset of R [10, 23] . This dynamic change in a profound inhibition in DNA fragmentation, initiation of apoptosis during R may offer a 'window of opportunity' to reduce myocardial injury by interrupting the apoptotic 4 .4. Preservation of vascular endothelial function and process. In this regard, some recent studies have shown a regional myocardial blood flow with ATA during reduction in infarct size by inhibiting development of reperfusion apoptosis in the peri-necrotic tissue in the heart and brain in an in vivo rat model of acute ischemia and R [22] .
The recovery of myocardial function and limitation of Consistent with these previous reports, in the present infarction during R is dependent, in part, on a patent, study, we found that ATA treatment at the onset of R functioning vasculature to restore an adequate myocardial significantly reduced infarct size at 24 h of R by reducing blood supply to the ischemic / reperfused region. However, the number of apoptotic cells in the peri-necrotic myocarit has been well demonstrated that even after a short period dium, providing direct evidence that limitation in extension of ischemia, abrupt restoration of blood flow to the of infarct size can be achieved by anti-apoptotic therapy ischemic myocardium can cause apparent vascular endowhen it is only applied at the beginning of R.
thelial cell injury and thereby reduce blood flow supply to the ischemic region, resulting in the 'low-flow' or 'noreflow' phenomenon. Cell-cell interactions between in-4 .3. An improvement in regional contractile dysfunction flammatory cells (i.e. neutrophils) and vascular endowith ATA during reperfusion thelium, reduction in local concentration of endogenously released adenosine and nitric oxide, and endothelial cell As it has been reported, no recovery of regional swelling have been proposed as the potential mechanisms contractile dysfunction may be observed after R in a model involved [33] [34] [35] [36] . Recently, an induction of apoptotic that results in substantial amounts of necrosis in the area at endothelial cells has been reported after a brief period of risk myocardium or modest recovery may require days or ischemia followed by R. In the absence of inflammatorymonths [25] . The degree of dysfunction largely depends endothelial cell interactions, R-induced vascular endotheliupon the transmural extent of infarction within the risk al cell apoptosis has been detected in an isolated Langenregions [26] . Although a number of potential mechanisms dorff-perfused rat heart after 30 min global ischemia underlying myocardial contractile dysfunction such as followed by 2 h of R [37]. These authors found that neutrophil activation [27], oxygen-derived free radical occurrence of vascular endothelial cell apoptosis soon after 21 generation [28] and Ca overload [29] have been pro-R precedes cardiomyocyte apoptosis and concluded, thereposed, evidence has recently shown that cardiomyocyte fore, that the release of soluble pro-apoptotic mediators loss is also a critical factor in induction of left ventricular from activated vascular endothelial cells may be the initial dysfunction after myocardial ischemia and R [30, 31] .
cause for the delayed cardiomyocyte apoptosis [37] . A Searching for the time course of apoptosis during R, we similar phenomenon has been confirmed in in vivo rat liver have previously demonstrated that increasing numbers of of normothermic ischemia and R [24] . apoptotic cardiomyocytes were observed from 6 to 24 h
In the present study, the vascular endothelial cell injury after 60 min of ischemia when regional contractile was manifested as an impaired response to endotheliumdysfunction persisted, suggesting that progressively dedependent vascular relaxation and the 'low-flow' or 'noveloped apoptosis during R is somehow consistent with the reflow' phenomenon was confirmed by reduction in time course of no functional recovery seen at the late stage myocardial blood flow following the early phase of of R [10, 32] . In the present study, an inhibition of reactive hyperemia during R. Limited by the methods used apoptosis by ATA significantly improved regional contracin the present study, we did not directly show that vascular tile function at 24 h of R, suggesting that apoptotic cell endothelial cells die by an apoptotic pathway; however, a death detected from the peri-necrotic zone may in part significant improvement in vascular endothelial function participate in subsequent development of intractable left and regional myocardial blood flow in the ATA group ventricular dysfunction following ischemia and R. These suggested that endothelial injury and perfusion defect results corresponded to previous animal and clinical during R may be, at least in part, caused by apoptosis. studies that showed the correlation between apoptosis and These data were consistent with previous reports showing cardiac function as well as the recovery in dysfunction by that in a pig model of LAD stenosis, regional coronary inhibiting apoptosis [31, 32] . Such a phenomenon may be blood flow reduction significantly correlated with the critical for the heart with a larger portion of infarction severity of apoptotic cell death [38] , and that ATA because additional cardiomyocyte cell death may be protected cultured human endothelial cells from oxidized decisive for loss of cardiac contractile reserve and inducLDLs-elicited apoptosis and occurrence of postapoptotic tion of heart failure by the dynamic nature of its developnecrosis [39] . Therefore, preservation of endothelial cell ment [8, 26] . However, the partial recovery in regional integrity by ATA may partially explain a reduction in contractile function after 24 h of R in the ATA group may platelet adhesion to the injured vascular endothelium [19] also suggest that some other factors, in addition to and neutrophil infiltration as measured by MPO activity in apoptotic cell death, are involved, which are not addressed the present study. Since administration of ATA in the by anti-apoptotic therapy [25] .
sham group did not alter myocardial blood flow at 24 h of inhibition of inflammatory and endothelial cell-cell inter- In summary, this study demonstrated that treatment with Ann Neurol 1998;43:654-660.
. Conclusion
ATA at R significantly reduced infarct size, preserved ischemic myocardium after coronary occlusion, supporting
